control was not obtainable for a given case) and telephone area code and exchange. T-cell case-controls were also matched for gender. A total of 2597 eligible controls were identified, of whom 1987 (76.5%) participated. One control was excluded because the case was later found to be ineligible for the study. Reasons for non-participation are shown in Table 1 . Matched controls were not found for 72 (3.6%) interviewed cases, resulting in 1842 case-control pairs (1704 sets of 1:1 match, 132 sets of 1:2 match and 6 sets of 1:3 match).
Interview
The structured interview included questions about the subject's and mother's health history, details of pregnancy and birth, childhood illnesses, illnesses of siblings and parental occupation. The maternal interview included details of day care and pre-school attendance (whether or not the index child ever attended day care or pre-school, approximate dates of attendance, and average number of hours per day). Day care or pre-school attendance in the year prior to the ALL diagnosis (cases) or index date (controls) was excluded to eliminate the possibility that symptoms of ALL itself decreased attendance at day care or pre-school. There was considerable overlap in day care and pre-school attendance times, thus total time spent by a child in these activities were pooled for analysis and is referred to as 'day care'.
Mothers of cases and controls residing in a nine-state region of the northeastern USA participated in an additional in-home interview Hatch et al, 1998) , which included more detailed information on the childhood health history and several common childhood illnesses.
Immunophenotype determinations
A standard panel of monoclonal antibodies was applied to all diagnostic bone marrow specimens to determine B-or T-lineage. A subset of B-lineage leukaemias was further classified by the determination of cytoplasmic immunoglobulin. Cases were assigned to one of the following mutually exclusive groups: T-cell ALL, early pre-B ALL (B-lineage markers and cytoplasmic immunoglobulin negative), pre-B ALL (B-lineage markers and cytoplasmic immunoglobulin positive), B-lineage ALL -not otherwise specified (NOS) (B-lineage markers but cytoplasmic immunoglobulin not performed), or unclassifiable. 'Common' childhood ALL was defined as those cases determined to be of B-lineage expressing both the CD10 and CD19 surface antigens, and diagnosed in children aged 2-5 years.
Statistical analysis
Data were analysed for all types of ALL as a group and within strata defined by age or immunophenotypic subtype. Conditional logistic regression was used to calculate odds ratios (OR) and 95% confidence intervals (CI) as an approximation of relative risk with control for potential confounders. Tests for trend were performed by treating levels of categorical data as continuous variables in the logistic model. Analyses were adjusted for maternal education, family income and race.
RESULTS

Study participants
The characteristics of 1842 cases and 1986 controls are shown in Table 1 . Cases were predominately male, white and between the ages of 2 and 5 years. As compared to the cases, controls were more often white, and were of higher socio-economic status as evidenced by differences in income, and maternal and paternal education (Table 1) . Phenotypically, 9.9% of ALL cases were T-lineage, 73.7% B-lineage, and no clear lineage could be assigned in 16.4%. Among 1357 B-lineage cases, 633 (46.6%) were designated 'common' childhood ALL.
Day care and pre-school (Table 2) The likelihood of ever attending day care was similar among cases and controls (OR 0.96; . No inverse association (protective effect) of day care attendance (vs no day care attendance) was seen among children with 'common' ALL (OR 0.96, 95% CI 0.75-1.24). Detailed analysis by immunophenotypic category revealed no additional associations with ORs of 1.00, 0.90, 0.86 and 0.75 for early pre-B ALL, pre-B ALL, B-cell NOS, and T-cell ALL respectively (data not shown). No significant associations were present for age at start of day care or time in day care, defined as the total number of days that the subject attended day care. Children with 'common' ALL were as likely to have started day care before 6 months of age as were controls. No effect was seen for starting day care later in childhood. Excluding day care within 1 year before the diagnostic date (case) or reference date (control). Excluding subjects who were less than 1-year-old at diagnostic date (case) or reference date (control). Odds ratios were derived from conditional logistic model adjusted for maternal race, education, and family income. Excluding subjects < 1 year old. Odds ratio were derived from conditional logistic model, adjusted for maternal race, education and family income.
Examination of day care within strata defined by age at diagnosis of ALL revealed that among children under age 5, any attendance at day care was associated with ALL risks similar to those for children never attending day care (OR 0.90, 95% CI 0.75-1.09); risks were similarly close to unity among children aged 6-10 years (OR -1.00, 95% CI 0.70-1.42), and for children aged 11 and older (OR 1.20, 95% CI 0.78-1.87). Among these age groups, no significant associations were seen between age at starting day care or total number of day care visits and risk of childhood ALL (data not shown). Similar results were obtained when the analysis was restricted to day care attendance prior to 2 or 1 years of age.
Sibship characteristics (Table 3)
No differences between cases and controls were seen in the number of older siblings. The time interval between the birth of children with ALL and the birth of their next older sibling was similar to that of their controls. No significant difference in sibship size or interval were seen within B-lineage groups (data not shown); however, children with T-lineage ALL were somewhat more likely to have two or more older siblings than were their controls (OR 1.88, 95% CI 1.05-3.36).
Health history, reported infections (Table 4)
Additional data on the occurrence of infections were available for subjects participating in the in-home interview (see Methods). No differences in reported lung infections or instances of gastroenteritis (vomiting and diarrhoea) were evident for the entire group, among cases of 'common' ALL, or within B-lineage or T-lineage ALL subsets (data not shown). Cases were no more likely to have ever had pressure equalization (PE) tubes placed in the ears (OR 0.97, 95% CI 0.69-1.37). Additionally, no significant differences in ALL risk were found for age at, or occurrence of, tonsillectomy, adenoidectomy, or appendectomy (data not shown).
The risk of ALL was reduced in those who experienced one or more ear infections during the first year of life. Risk of ALL decreased with increasing numbers of reported ear infections during the first year of life with ORs of 0.86, 0.83, 0.71 and 0.69 for 1 episode, 2-4 episodes, 5+ episodes and continuous infections respectively (trend P = 0.026). This significant inverse association with ear infections in infancy was most evident in children with 'common' ALL (test of trend P = 0.016). Cases and controls were equally as likely to report a history of varicella (OR 1.10, 95% CI 0.84-1.45) among all children with ALL and among 'common' ALL cases and controls (OR 0.96, 95% CI 0.56-1.51).
Infectous exposures in aggregate
An attempt was made to evaluate infectious exposure in aggregate by the creation of a summary variable including day care data, reported infections and sibship characteristics ( Participants in the expanded in-person interview, excluding cases and controls under age of 18 months. Odds ratios derived from unconditional logistic model, adjusted for maternal race, education, age and sex of index child and family income groups to the 'least' exposed group for all children with ALL or the subset of children with 'common' ALL.
DISCUSSION
Three separate, but not exclusive, hypotheses of ALL pathogenesis and infection deserve consideration. Citing the international variations in ALL rates, the development of the ALL 'peak' at different times in different populations, and the higher rates of 'common' childhood ALL among more developed populations, Greaves (1988) has suggested that delaying the occurrence of childhood infections may, in some susceptible children, have an aetiological role in the leukaemogenic process. Kinlen has suggested that childhood ALL occurs as a rare response to a specific viral agent or agents and that excesses of childhood leukaemia are promoted by marked urban-rural population mixing, as a result of an increased level of contacts between susceptible and infected individuals. Studies describing an increased occurrence of ALL in British 'New Towns' and other areas of population mixing support this theory (Kinlen, 1988 (Kinlen, , 1995 Kinlen et al, 1990; Alexander et al, 1997) . Smith (1997) has suggested an aetiological role for a viral agent infecting a susceptible mother during pregnancy. JC virus, a polyoma virus, has been proposed as a candidate virus, but there are no data testing this hypothesis in childhood ALL. As part of a large study of childhood ALL undertaken to evaluate risk factors within biologically defined subgroups, we sought to test the hypothesis that fewer infections during early childhood increase the risk of ALL through the use of surrogate indicators of infection including day care, sibship distribution and size, and maternal reporting of her child's illnesses. Studies of children attending day care in the USA have shown a higher frequency of upper respiratory infections, otitis media, and gastroenteritis compared to children not attending day care (Haskins and Kotch, 1986; Wald et al, 1991; Hansen, 1993; Reeves et al, 1993) . Therefore, we postulated that children with ALL would attend day care less often and/or for shorter duration than controls. Overall, and among children with 'common' ALL, we found no protective effect. Moreover, examination of day care 'exposure' variables, including age at initiation of day care and time in day care revealed no evidence for an association. No 'threshold' of day care exposure (time in day care) was present as was reported for 'creche' attendance in Athens (Petridou et al, 1993) .
In our study, mothers of children with 'common' ALL reported fewer ear infections than control mothers. This association was confined to the 'common' ALL group. We observed no differences for reported episodes of colds, lung infections, or gastroenteritis between the cases and controls. The reason for this apparent discrepancy is unclear, although maternal recollection of ear infections may be more accurate than recall of the other infectious diseases investigated, as the diagnosis of otitis media is virtually always made by a physician and usually results in treatment with a course of antibiotics. Infections less likely to result in a visit to the physician or treatment with antibiotics may be less reliably recalled. Nevertheless, it is noteworthy that no difference was noted for the frequency of PE tubes (often placed for recurrent ear infections) for the group overall or any of the leukaemia subsets.
The number of, and interval between, the birth of the index child and older siblings were also investigated as a surrogate of exposure to infection, based on the hypothesis that firstborn children or those children whose siblings are much older are less likely to be exposed to infection and thus at an increased risk of ALL (James, 1990) . In contrast to our previous data showing an elevated risk of ALL with longer birth intervals (> 5 years) (Kaye et al, 1991) , no evidence of an effect of birth order or interval was evident in this investigation.
Given the breadth of interactions that determine any child's frequency or timing of infections, we attempted to create a summary variable that would define the most and least infection exposed groups. This variable, composed of day care attendance, reported episodes of otitis media in infancy, sibship characteristics and need for PE tubes did not support the hypothesis that the 'most exposed' subset of children may be at decreased risk of ALL. Analysis within the immunophenotypically defined ALL strata and the 'common' ALL subset did not reveal any additional associations.
Overall, the results of this analysis provide little support for a relationship between early childhood infections and the risk of childhood ALL. The data reported for ear infections in infancy suggest a protective effect of early, repeated, non-specific Least exposed group: no day care prior to age of 2; no older sibling; no ear infection, no lung infection during infancy, no history of PE tubes prior to age of 2. Most exposed group: had at least two of the following conditions: had 7 or more months of day care before age of 2; had an older sibling within 5 years; had five or more ear infections or PE tubes prior to age of 2. Intermediate exposed group: all children who did not fall into least or most exposed groups. Odds ratios were derived from unconditional logistic model, adjusted for maternal race, education, the age and sex of index child and family income infection, as most episodes of otitis are initiated by viral upper respiratory infection. The specificity of this finding to the 'common' ALL subset provides additional support for this hypothesis. In contrast, the results of the data reported on attendance at day care and sibship characteristics do not.
It is possible that infections do impact on childhood ALL risk and that the limitations of our study precluded ascertainment of some of these relationships. Among worldwide populations there may be significantly more heterogeneity of childhood infectious exposures than within our study population. Thus, actual differences in occurrence and/or timing of infections may not have been great enough within our population to identify small increases (or decreases) in ALL risk. Another potential limitation is the absence of data on the size of the day care facility the study children attended. Thus, we were unable to stratify by day care size, which may impact on the exposures a child has. Nevertheless, day care visits, hours of attendance and age at first attendance of day care provided little evidence of any effect, either among the group overall or the 'common' ALL subset.
Similar investigations of childhood ALL aetiology currently are underway in the UK and Canada. Results from these studies and other hypothesis-directed investigations combining suspected epidemiological and biological determinants for childhood ALL should hopefully clarify any relationship between infection very early in life and the subsequent risk of childhood ALL.
